Objective. Incident reporting is an important component of health care quality improvement. The objective of this investigation was to evaluate the effectiveness of an emergency department (ED) peer review process in promoting incident reporting.
Introduction
In 1999, the Institute of Medicine reported that up to 98 000 patients die annually from medical errors in the USA alone spurring health care organizations around the world to focus on quality improvement [1] . Error detection is essential for error reduction because it facilitates investigation and development of preventative measures. Health care provider (HCP) incident reporting can be a valuable source for error detection; however, reporting is often suboptimal [2] .
Increasing incident reporting stands to improve patient safety, but how best to achieve increased reporting remains unclear. A limited number of original, experimental studies have shown increases in incident reporting after the introduction of electronic reporting systems [3] [4] [5] , anonymous reporting systems [6, 7] , HCP education [3, 8, 9] , inter-disciplinary safety teams [10] and structuring reporting into established clinical work flows [4, 11, 12] . However, the quantity of original research in this area has been limited and the quality of several studies has been questioned as well. A Cochrane Collaboration review in 2012 drew no conclusions about the evidence, having identified only 21 original, experimental studies of interventions to improve incident reporting with only four meeting strict methodology criteria. The authors encouraged future investigators to consider 'time series' analyses [13] .
In the two studies meeting inclusion criteria in the Cochrane report that showed positive results, the interventions were multifaceted. The designs differed from each other, but two themes were consistent: the interventions were non-punitive and included improved feedback for reporters [14, 15] . While the importance of these components in improving incident reporting has yet to be established definitively via experimental research, it is supported by survey-based research and expert opinion [16] [17] [18] [19] [20] [21] [22] .
Based on available research and expert opinion, it seems likely that a system can increase HCP reporting if those making reports perceive that the system is safe and likely to result in quality improvements [16] [17] [18] [19] [20] [21] [22] . Accordingly, we designed and implemented a standardized emergency department (ED) peer review process in order to increase HCP reporting. The goal of this investigation was to evaluate the effectiveness of this intervention in promoting HCP incident reporting. A secondary goal was to describe the process so that others might consider it as a template for similar efforts at their institutions.
Methods

Study design and setting
A two-part study design was employed. Part A was an observational, interrupted time-series (ITS) analysis of incident reports submitted by HCPs prior to and following the process implementation. Part B was a survey-based assessment of the perceptions of physicians participating in the peer review process. The data collection and study methods were approved by the institution's Committee for the Protection of Human Subjects.
Data were collected in a teaching hospital ED with an annual census of ∼66 000 adult patients between March 2010 and August 2012. Board-certified emergency medicine (EM) physicians cared directly for the majority of patients as the sole provider or through supervision of EM and rotating residents. A limited number of patients (∼5%) were seen primarily by mid-level practitioners.
Interventions
Prior to the peer review process intervention, all ED incident reports were investigated via a single-reviewer format. The reviewer had >10 years of experience in quality improvement; however, the single-reviewer format allowed for subjectivity and anecdotally led to inconclusive investigations if the reviewer and involved practitioner(s) disagreed over the findings. The reviews considered both practitioner-based and systems errors, but the process was not standardized leading to concerns that systems errors especially may have been under-identified [23] . Feedback was provided to involved practitioners; however reporter, departmental and hospital-wide feedback were not standardized.
At the beginning of the 8th month of the study, a new, standardized peer review process was implemented with the intention of fostering a non-punitive environment and providing timely and more robust feedback to reporters and staff in general. The process was based on a format previously implemented at Detroit Receiving Hospital (Detroit, MI, USA) with modifications to the system error analysis and feedback processes [24] . Figure 1 outlines the implemented process.
All incident reports were submitted electronically via the hospital incident reporting system or by direct electronic, written or verbal communication with ED leadership and were investigated via the new process. For each report, a screening review was performed by the ED Clinical Director. A single-reviewer format for screening was chosen for practical considerations, but to limit potential bias, cases were closed only if the review determined with absolute certainty that no errors or near misses had occurred. If they could not be excluded with absolute certainty, the case progressed to full Peer Review Committee (PRC) evaluation. Prior to PRC evaluation, ED practitioners involved in the care were required to comment in writing about the care that was provided. This feedback allowed for first-hand accounts of pertinent information that might not be available in the medical record. In addition, involved ED practitioner(s) were encouraged to attend the PRC meeting.
The PRC met monthly and was open to all ED attending physicians, residents and mid-level practitioners; however, the PRC included a core group of eight board-certified, attending physicians who were present regularly to ensure accuracy and consistency. Mean PRC attendance was 10 participants, and 86% of the attendants were board-certified/board-eligible ED attending physicians. During PRC proceedings, all participants reviewed the medical record and practitioner responses. Records were de-identified as were practitioner responses unless the practitioner(s) chose to be present for the committee review. The PRC Chair facilitated an open discussion focused on potential errors. Specifically, the committee reviewed cases for 11 types of systems and practitioner-based errors (Table 1) . A majority vote by all participants determined the presence or absence of errors. Providers involved in a case in question were required to leave the room during voting on practitioner-based errors to reduce potential influence.
Following the PRC meeting, the findings were recorded in a spreadsheet database (Microsoft ® Excel, Microsoft, Redmond, WA, USA) and feedback was provided as described in Fig. 1 . Data tracking was transparent to all ED practitioners. They were regularly reminded that peer review was undertaken only to guide quality improvement and would not be used for punitive purposes. The entire process, including all records and feedback, complied with peer review protection laws meaning the data were shielded from use by outside parties as a part of litigation.
Methods and measurements
Part A Every incident report received by the ED between March 2010 and August 2012 was recorded in a database with the date of its preliminary review and its source. Reports submitted by HCPs were categorized into four source types: (i) selfreported (Self )-an ED practitioner directly involved in the care of the patient when the perceived incident occurred, (ii) ED-an ED practitioner not directly involved in the care of the patient when the perceived incident occurred, (iii) hospital practitioner (HP)-a non-ED practitioner within the hospital or a hospital committee comprised primarily of non-ED Figure 1 Flow diagram of the peer review process.
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practitioners and (iv) outside practitioner (OP)-a practitioner from outside the hospital. For the purposes of this study, HCPs included physicians, nurses, allied health care workers and post-graduate trainees.
The preliminary review date served as a surrogate for the submission of the incident report because submission dates were not recorded. With one exception, cases were consistently reviewed within a week of receipt, so the preliminary review was a consistent surrogate data point. In a 3-week period, other administrative requirements precluded performing preliminary reviews. This resulted in an artificially low number of reports for that month and an artificially high number for the following month. Consideration for statistical correction to most accurately account for this anomalous period is described in the analysis section.
Part B
PRC participants had the opportunity to complete voluntary, anonymous, 'activity assessments' following each PRC meeting. Offering this survey was required for the meetings to be eligible for continuing medical education (CME) credit (The PRC Chair was not eligible to complete the survey as the director of the activity). Five of the questions assessed participant perceptions of the PRC process itself and were therefore pertinent to this investigation (Table 3) . They included one Likert-type question, three yes/no questions and one multiple-choice question.
Analysis
Part A
The primary study outcome was the change in monthly frequency of incident reporting by HCPs. Prospectively collected data from the peer review database were reviewed and descriptive statistics were calculated. The data were imported into SAS (SAS Institute, Cary, NC, USA) to perform an ITS analysis of monthly reporting frequencies for HCP source groups before and after the peer review process intervention. Frequencies for the Self, ED and HP groups were compared with the OP group. The OP group served as a control because while it also contained HCPs, OP providers did not work in the hospital and had minimal exposure to the intervention. Within the ITS analysis structure, we used SAS Proc Autoreg to test for autocorrelation (with a lag of 2 months) among the count data. For each source group, the DurbinWatson statistic was close to 2.0 with non-significant P-values, indicating no significant autocorrelation, and the estimated autoregressive parameters (for both 1 and 2 months) were also uniformly non-significant [25] . As a final test of the effect of autocorrelation, we fit the same models using generalized estimating equations (SAS Proc Genmod), which produced similar results, also indicating no significant autocorrelation.
Based on this assessment of autocorrelation, we used segmented general linear models (ordinary least squares) [25] to fit the ITS model for the four groups. The models fit included count of incident reports as the outcome and as predictors: month of study (to obtain the pre-intervention slope), intervention (0/1 dummy variable with a 1 for the months at or after the implementation to obtain the immediate postintervention effect), group (the OP group was used as the control/reference since they were not exposed to the intervention) and month post-intervention (to obtain the slope of the change in incident report counts after the intervention). In addition to these main effects, interactions of group with the intervention effect and with the post-intervention slope were tested to determine whether the groups differed in either predictor. We used a standard t-test to test each regression parameter for a significant difference from zero. Separate models were fit comparing the groups: Self vs. OP, ED vs. OP and HP vs. OP. An intercept term was included but it was difficult to interpret directly since it was a combination of the OP group at the start of the study period as well as the preintervention slopes for both groups. It was included for completeness of the results without further comment.
For reasons explained in the Methods and measurements section, incident reports were artificially low in September 2011 followed by a compensatory spike in October 2011.
Given that the results were definite departures from the months before and after and were byproducts of factors outside of the study, a modification to these data points was considered. We performed two sensitivity analyses: (i) using a loess smoother for that time period with a three-period lag (and using the loess-predicted levels of reports in the subsequent ITS models) and (ii) using a term in the model to represent the values in that time period. For the ED group, the loess smoother produced predicted values (5.05 for September and 5.03 for October) that were slightly lower than the mean of the 2 months (6.0). Substituting these into the model yielded almost identical results to substituting the mean (P = 0.0024 with the loess-predicted values and P = 0.0025 with the mean substituted). In addition, a term for those 2 months was generated and included in the model but was not significant (P = 0.30). Finally, we used the original data in the model, with almost the same parameter estimate, but a slightly larger standard error, which reduced the P-value of the slope from 0.0025 to 0.0143 (analyses for the Self and HP groups produced similar results). Based on these sensitivity analyses and because we felt that the mean of the 2 months presented a better approximation of the real number of reports, we used the modified data in the analysis.
Part B
PRC participant perceptions of the peer review process' effectiveness in identifying errors and its educational value were secondary outcomes. Survey results were retrospectively reviewed and entered in a Microsoft ® Excel spread sheet. Descriptive statistics were calculated.
Results
Part A
HCPs submitted 314 incident reports over 30 months (24 prior to the intervention and 290 following). Of note, no self-reports occurred prior to the intervention, but they accounted for 58 after implementation (20%). Table 2 summarizes the number of incident reports by source group prior to and following the intervention. Table 3 as an example, interpretation of the results is as follows: the month pre-intervention slope showed a decrease of 0.13 reports per month in the pre-intervention period that was not significant (P = 0.5234); the Intervention term showed an increase of 1.23 reports in the month immediately after the intervention that was not significant (P = 0.2082); the Group effect term showed that the ED group had an average of 0.12 reports per month less than the OP group throughout that was not significant (P = 0.8267) and the Month PostIntervention Slopes showed that after the intervention there was an average increase of 0.27 reports per month in the ED group and 0.10 per month in the OP group, with a resulting difference in the slopes of 0.17 that was statistically significant (P = 0.0019). This final P-value for the difference in slopes is also reported in Fig. 2 . The comparison analyses revealed that prior to the intervention, the frequency of reporting by the Self, ED and HP groups did not differ from the OP group (P > 0.1 for each). The frequency of reporting by the Self, ED and HP groups appeared to increase immediately following the intervention; however, the immediate effects did not achieve statistical significance (P > 0.10, P > 0.10 and P = 0.0902). Long-term effects following the intervention, however, were observed in all three groups; the Self, ED and HP groups showed a greater rate of change in reporting compared with the OP group (P = 0.0019, P = 0.0025 and P < 0.0001).
Part B
In 23 months following the process implementation, 22 PRC meetings occurred with a total attendance of 221. The mean attendance was 10.0 (range: 5-17, SD: 2.9). Attending physicians accounted for 86.0% of the attendance. Subjects completed 163 surveys (response rate: 82.3%) (The PRC Chair's attendance was not included in the response rate calculation because he was not eligible to complete the survey). The results are summarized in Table 6 .
Discussion
Our results show that implementing a peer review process such as the one in this study can result in increased HCP incident reporting over time. These findings are particularly meaningful because studies showing objective improvements in HCP incident reporting due to any process implementation are rare [12, 13] . Furthermore, to our knowledge, no such studies have been reported related to a peer review process implementation. Experts assert that HCPs are more likely to report incidents if they perceive value in doing so and if they trust reporting to be non-threatening [17, 18] . Accordingly, our peer review processes were designed to foster such an environment. While it can be concluded that the process as a whole led to increased reporting, it remains unclear to what degree the components of the process contributed to the results. The physician survey suggests that physicians perceived value in the process. On balance, respondents reported that the process identified errors and provided information that could improve practice. They perceived the process to be highly educational, reporting that it improved understanding of systems barriers to quality and would lead to a change in their practice.
The survey tool was originally designed to fulfill CME requirements and initially was not intended for scientific investigation. While it did provide useful data on physician perceptions of the value of the peer review process, it provided no data on other components that may have increased reporting such as perceptions of the process being non-punitive. Future surveys of this type should address all potential factors that may affect HCP reporting.
While we did not measure perceptions of the potential for reporting to be punitive, our results and anecdotal feedback suggest that the intervention was perceived as non-punitive. The significant increase in self-reported incidents suggests that practitioners trusted the process. Anecdotal feedback from ED HCPs suggested that increased transparency as well as the opportunity for them to be directly involved in the review process did foster trust. This feedback is consistent with prior research, which found physicians to be more inclined to report incidents in departments that had investigational processes that were administered by their peers [19] . The increase in reporting in a non-anonymous system also suggests a reduced fear of retribution. Previous studies suggest that anonymous reporting systems can increase reporting [6, 7] . Our results suggest that anonymity is not essential to increase incident reporting. If an incident reporting and review process is perceived to be safe, anonymity may not be necessary. Standardized feedback may also have contributed to increases in reporting. Previous publications have reported timeliness and quality of feedback as important factors in promoting incident reporting [14, 15, [20] [21] [22] . While the value of standardized feedback per se was not evaluated in our study, HCPs within the hospital and ED expressed appreciation for the timeliness and robustness of feedback following the new process implementation. Several unsolicited comments highlighted a perceived improvement in the ED's overall commitment to quality.
Based on the study results, our experience and previously reported research, we believe that three components of the peer review process (the perceived value of the process, the perceived non-punitive environment and the improved feedback) contributed to the increase in HCP reporting. Because the relative importance of these components remains unclear, future studies are warranted to identify opportunities to further improve the process.
The study had several additional limitations. First, the OP group was chosen as a convenience control group presumed to have minimal exposure to the intervention. It is possible that OP members were exposed indirectly to the intervention through unknown mechanisms. Second, we cannot exclude the possibility that other influences within the hospital caused the changes we observed, but we are unaware of other specifically relevant quality interventions implemented within the hospital or ED during the study period. General messages about improving quality and safety seem unlikely to have produced the time-series pattern we observed. Nevertheless, we cannot exclude a general change in safety awareness contributing to increased reporting. Finally, the peer review process was implemented in a single department at one institution. We cannot be sure that other institutions or departments with different cultures would respond to this intervention in the same way.
In conclusion, improving HCP incident reporting is an important component in optimizing health care quality and safety. The implementation of a non-punitive peer review process that provides timely feedback appeared to increase incident reporting by HCPs and was perceived as a valuable by physicians.
